
-A1 969 WATER DISPLACING PAINT (WDP) OPTIMIZATION AND FIELD- ±17
EVRLUATION(U) NAVAL AIR DEVELOPMENT CENTER WARMINSTER
PA AIRCRAFT AND CREW S. C R HEGEDUS ET AL.2 SEP 82

UNCLASSIFIED NADC-82189-60 F/G 11/3 N

Ehhhhhhhhhhl

I m _



IIIII__. *2-0

--

SM -

11111.25 II1_1.4 111.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

j



REPORT NO. NADC-82189-60

0i

0WATER DISPLACING PAINT (WDP) OPTIMIZATION

AND FIELD EVALUATION

Charles R. Hegedus and Robert Camilletti
Aircraft and Crew Systems Technology Directorate

NAVAL AIR DEVELOPMENT CENTER
Warminster, Pennsylvania 18974

28 SEPTEMBER 1982

FINAL REPORT
AIRTASK NO. WF61-542-001

Work Unit ZM501

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

CDTIC
Prepared for ELI CTIE

NAVAL AIR SYSTEMS COMMAND t4OV 0 4 M
LA-- Department of the Navy

Washington, D.C. 20361

E'r~



~NOTICES

REPORT NUMBERING SYSTEM - The numbering of technical project reports issued by the Naval Air Development
* Center is arranged for specific identification purposes. Each number consists of the Center acronym, the calendar

year in which the number was assigned, the sequence number of the report vihin the specific calendar year. and
the official 2-digit corespondence code of the Command Office or the Functional Directorate responsible for the
report. For example: Report No. NADC-78015-20 indicates the fifteeth Center report for the year 1978, and prepared
by the Systems. DirectoratL The numerical codes are as follows:

CODE OFFICE OR DIRECTORATE

O Commander, Naval Air Development Center
01 Technical Director, Naval Air Development Center
02 Comptroller
10 Dfrectorte Command Projects
20 Systems Directorte
30 Sensors & Avionic Technology Directorate
40 Communication 6 Navigation Technology Directorate
50 Software Computer Directorate
60 Aircraft & Crew Systems Technology Directorate
70 Planning Assessment Resources
80 Enoering .Support Grow

PRODUCT ENDORSEMENT - The discussion or instructions concerning commercial products herein do not constitute
ai endorsement by the Government nor do they convey or iniply the license or right to use such product.

APPROVED BY:D

Ca U



UNCLASSIFIED
!ECUAITY CLASSIFICATION OF THIS P3AGE (Mhoo Do Enteed)__________________

REPOT DCUMNTATON AGEREAD INSTRUCTIONS
REPOT DCUMNTATON AGEBEFORE COMPLETING FORM

1. REPORT NUMBER 3 ovT ACESSION No. 3. RECIPIENT*S CATALOG NUMBER

NADC-82189-60 2-F /z -p L ______________

4. TITLE (ad Subtitie) S. TYPE oF REPORT a PERIOD COVERED

Water Displacing Paint (WDP) OptimizationFia
and Field Evaluation S. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(@) S. CONTRACT OR GRANT NUMUER(e)

C. R. Hegedus and R, Camilletti
S.PROMN RAIAINNAME AND ADDRESS I0. PROGRAM ELEMENT. PROJECT, TASK

Na. a PERF r N ORGA IZAom n t C n e AREA a WOK UN IT NUMBERS

Nava AirDeveopmet CeterDE No. 62761 N
Aircraft and Crev Systems Technology Directorate AIRTASK W61542001q Warmzinster, Pennsylvania 18974 Work Unit ZM501

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Air System Command 28 September 1982
Department of the Navy 1S. NUMBER OF PAGES

Washington, DC 20361 28 _________

14. MONITORING AGENCY NAME A ADDRESS(i di.*Mt Ite Cftrolli Office) 1S. SECURITY CLASS. (of this report)

UNCLASIFIEDSo. OECLASSIFICATION/ OWNGRAING

7SCHEDULE

14. DISTRIBUTION STATEMENT (of tins Repoi)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (f theo abstract mited in, Block 0. if different has Awaore)

It. SUPPLEMENTARY NOTES

IS. KEMY WORDS (Centme M, revese side If necessayO f datir' b eek nulsmbo)

Water Displacement
Touch-up Paint
Corrosion Prevention

20. AUSTRACT (Condavie en reverse siet 000961117 md" Idenit1Y O Wee Sloohare)

A previously developed, vater displacing paint has been reformulated to obtain
improved pigment dispersion and a lusterless finish for camouflage purposes.
The coating has exhibited durability and corrosion protection in outdoor
exposure tests. Fleet evaluations by several squadrons have demonstrated its

e ffectiveness for touch-up under high humidity conditions. It is also

reported to be convenient and easy to use.

DDI 2'A'u 1473 EDITION oF I NOVUISt OSSOLETE NLS9T~
S/N 0102-LF.014-6601 UCAsyV FTI AE(h ee0"6SECURITY CLASSIFICATION O NSPS Re obnm



NADC-82189-60

TABLE OF CONTENTS

Page No.

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . ii

LIST OF FIGURES . . ......... . . . . . . . . . . . . . . . ii

INTRODUCTION .. .. .. .. .. .. .. .. .. .. .. .. . . .

EXPERI ENTAL PROCEDURES ...................... I

EXPERIM4ENTAL PREUS. . . . . . . . . . . . . . . . . . . . . . . 4
EXPERIMENTAL RESULTS . . . . . . . . . . ... . . . . . . . . . . . 4

FIELD EVALUATIONS .' 6

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

REFERENCES .. . . . . . . * . . . . . 10

ACKNOWLEDGEMENT . . . . . . . . . . . . . . . . . . . . 10

APPENDIX A *. .. . .. . . .. . . .. .... A-1

APPENDIX B *. .. . .. . . .. .. .. .. ...... B-1

AccesSion For

NTIS GRA&I
DTIC TAB
Unnnoin Ced E

4 3justificatio.

By
Distribution/

Availability Codes
a Availe and/or
,WV Dist Special

.4



NADC-82189-60

L I S T O F T A B L E S

Table No. Page No.

I Reformulated Water Displacing Paint - . 2

II Evaluation Standards for the Storage Stability Test . . . 3

III Storage Stability Test Results...... . . . . . . . . 5

L IV Accelerated Pigment Settling Test Results. . . . . . . . . 5

LIST OF FIGURES

Figure No. Page No.

1 Goniophotometric Results of Gloss and Lusterless
Water Displacing Paint. . . . . . . . . . . . . . . . . . 7

2 USS CONSTELLATION Exposure Specimens . . . . . . . . . . . 8

3 Netherlands Exposure Specimens . . . . . . . . . . . . . . 9

"ii



NADC-82189-60

INTRODUCTION

A previous report, reference (a), describes the development and physical
properties of a water displacing paint (WDP). This paint was developed to be
used as a touch-up coating for aircraft where existing paint has cracked or
chipped. Upon application, it will displace water from a metal substrate and
subsequently perform as a corrosion preventive coating.

Additional evaluation of WDP following the initial report revealed two
deficiencies. First, the pigment settled and compacted during storage, making
re-dispersion difficult. Second, lusterless coatings were not as effective at
displacing water as glossy coatings.

This report discusses:

I. Maintaining pigment dispersion during storage.

2. Developing a lusterless water displacing paint.

3. Results of outdoor exposure and field evaluations.

This effort was funded under AIRTASK WF61542001, Work Unit Number ZM5OI.

EXPERIMENTAL PROCEDURES

The most effective means of maintaining pigment dispersion in WDP is to use
a commercially available, anti-settling agent. After screening several products,
the most effective agent was determined to be an amorphous silica,
Aerosil R-972, manufactured by Degussa Inc.

Synthetic silica extender pigments with oil absorptions (ASTM D281-31,
reference (b)) ranging from 140 to 180 pounds per 100 pounds of linseed oil were
found to decrease the 60 and 85 degree gloss effectively. One such product is
Syloid 74 manufactured by W. R. Grace and Company.

A coating optimization effort was designed to determine the concentration of
the ingredients, including the above additives, necessary to maintain the original
properties and to obtain a lusterless coating with adequate pigment dispersion.
This effort utilized the pigment settling, water displacement, and
reflectance tests described later in this section. Using the designed formulation
effort and the results from these tests, an optimum formulation (Table I) was
obtained. The optimum mixing procedure is described in Appendix A.

The instability of the pigment dispersion of WDP was attributed to pigment
settling and compaction, possibly resulting in particle agglomeration. Two tests
were performed to evaluate this deficiency; a storage stability test and an
accelerated pigment settling test.
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TABLE I. REFORMULATED WATER DISPLACING
PAINT (FLAT WHITE)

Parts by Weight

Silicone Alkyd Resin a 36.3
Ethyl Acetate b 18.1
Aromatic Mineral Spirits 10.8
1,1,1 Trichlorotrifluoroethane 7.1
Rutile Titanium Dioxide 10.3
Zinc Molybdate c 6.0
Isopropyl, Tri (N-ethylamino-ethlamino) Titanate 2.1

(4.5% in isopropyl alcohol)
Amorphous silica 0.8
Sodium PetroleumfSulfonate 2.1
Snythetic Silica 6.4

100.0

a. McCloskey Varnish Co. (385-50E)
b. Union Oil of California (Amsco Solvent G)
c. Kenrich Chemicals (KR-44S)

d. Oegussa Inc. (Aerosil R-972)
e. Alox Corp. (ALOX 904)
f. W. R. Grace and Co. (Syloid 74)

STORAGE STABILITY TEST

The storage stability test was performed in accordance with ASTM D-869,
reference (c). A thoroughly mixed 470 milliliter sample of WDP was placed in a
clear glass jar and stored under ambient laboratory conditions for 120 days.
The paint was evaluated for pigment condition at intervals of 1, 2, 4, 7, 14,
21, 30, 60, 90, and 120 days, both visually and physically by penetrating the
pigment sediment layer with a glass stirring rod to determine the condition of
the pigment. The extent of pigment settling was evaluated according to the
system presented in Table II.

* ACCELERATED PIGMENT SETTLING TEST

A thoroughly mixed 50 milliliter sample of WDP was placed in a
tube and centrifuged at 750 rotations per minute for two one-hour periods per
day for four days. The amount of settling normally produced by this conditioning
treatment approximates that observed after one year of storage, reference (d).
The paint was then examined for pigment condition according to Table II. After
the evaluation, the tube was agitated vigorously by hand for 60 seconds. Sub-
sequently, the coating was again examined for pigment condition to determine the
ease of pigment re-dispersion.

2
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TABLE II. EVALUATION STANDARDS FOR THE STORAGE
STABILITY TEST (REFERENCE b)

10 No change from original.

08 No significant resistance to sidewise movement with spatula.
Slight deposit clings to spatula.

06 Spatula descends through settlings under its own weight.
Definite resistance to sidewise movement of spatula. Portions
of sediment layer cling to spatula.

04 Spatula does not descend through sediment under its own weight.
Difficult to move spatula sidewise. Slight resistance to
edgewise movements. Uniform suspension easily restored with
spatula.

02 Very high resistance to sidewise movement of spatula. Definite
resistance to edgewise movement. Uniform suspension can still
be restored.

00 Very firm sediment layer, not restorable to a uniform suspension
by manual stirring with spatula, even after supernatant liquid
is poured off.

WATER DISPLACEMENT TEST

Steel test specimens conforming to AISI 1010 of MIL-S-7952 with dimensions
of 2 x 4 x 0.125 inches (50 x 101 x 3.18 mm) were used in this test.!0

Duplicate test panels were inclined at a 300 angle from the horizontal by
raising one of the two-inch ends. The panels were liberally sprayed with red-
dyed synthetic sea water* so that fine droplets completely covered the panels.
Subsequent to the water application, one milliliter of the paint was poured
along the upper edge of the specimens using a pipette. After being suspended
vertically for one minute, theopanels Were placed horizontally, painted side up,
in a closed desiccator at 70+5 F (21+3 C) and 100% static relative humidity.

After four hours in the desiccator, the painted surfaces of the specimens
were examined for possible water entrapment. The coating was then removed from
the panels by wiping with a cloth dampened with methyl ethyl ketone. The bare
steel was examined for signs of corrosion caused by residual synthetic sea water
on the surface.

* Synthetic sea water solution: 50 grams of sodium chloride, 22 grams of magne-
sium chloride, 3.2 grams of calcium chloride, and 8.0 grams of sodium sulfate
in 1.0 liter of distilled water.

3
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GLOSS

Gloss measurements of 60 and 85 degrees were obtained according to ASTM
method D 523, reference (e). The test was performed using a GG-7562 multi-
angle glossmeter manufactured by Gardner Laboratory.

GONIOPHOTOMETRY MEASUREMENTS

The visual directional reflectance of the applied coatings was measured
using a GG-9200 goniophotometer manufactured by Gardner Laboratory. The
goniophotometer measures reflectance as a function of both the angle of illumination
and the angle of detection. The measurements were obtained according to ASTM
method E167 (reference (f)) by varying the angle of illumination with the angle
of detection at 45 degrees.

ATMOSPHERIC EXPOSURE TESTS

WDP was applied to 3 x 6 x 0.020 inch (7.6 x 15.2 x 0.05 cm) 2024-T3 bare
aluminum alloy specimens. The specimens were cleaned and treated with materials
conforming to Military Specification MIL-C-81706 to produce a chemical conversion
coating conforming to MIL-C-5541. After seven days, the specimens were scribed
through the coating exposing the aluminum substrate. Several panels were then
exposed on the USS CONSTELLATION for eight months. These shipboard exposure
tests are described and discussed in detail in reference (g).

Similar specimens were exposed in a rural environment of the Netherlands
for 15 months. The pH of the rain water in the Netherlands is less than 4,
a condition commonly referred to as "acid rain." This is due to the high sulfur
dioxide content in the atmosphere.

FIELD EVALUATIONS

Aerosol cans of WDP were forwarded to several U. S. Navy aircraft squadrons
along with performance evaluation forms. The squadrons were of various aircraft
deployed in a wide variety of environments. (See Appendix B) The maintenance
crews were instructed to complete the form in detail when using and evaluating
WDP.

EXPERIMENTAL RESULTS

The results of the storage stability test are listed in Table III. These
results indicate a slight improvement in the settling problem using an anti-
settling agent.

The results of the accelerated pigment settling test are listed in Table IV.
Again, an improvement in pigment settling is observed when an anti-settling agent
is used.

It should be noted that, although the pigment settles in the container, it
is easily redispersed using an automatic paint container similar to a Red Devil
paint shaker. A problem is encountered, however, when the coating is in an aero-
sol can. Aersosols are usually agitated by hand. In the laboratory, it has been
confirmed that paint in aerosol containers can be properly mixed if shaken rapidly
for several minutes, either by hand or preferably on an automatic paint conditioner.

4 4
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TABLE III. STORAGE STABILITY TEST RESULTS

Pigment Condition
(See Table II)

Inspection Period
(Days) WDP Reformulated WDP

1 10 10
2 10 10
4 10 10
7 10 10

14 08 10
21 06 08
30 02 04
60 00 02
90 00 02
120 00 02

TABLE IV. ACCELERATED PIGMENT SETTLING TEST RESULTS

After Centrifugation

Pigment

Sample Condition Observation

WDP 00 3 distinct layers

Reformulated WDP 04 3 layers with no distinct
separation lines

After Agitation

Pigment

Sample Condition Observation

WDP 00 2 distinct layers

Reformulated WDP 08 uniform suspension

5
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The 60 degree gloss of the lusterless version of WDP is 2.0 percent and
the 85 degree gloss is 3.1 percent. Specification requirements are for a
maximum of 3 and 5% respectively.

Figure 1 is a graph of the directional reflectance of both the gloss and
lusterless versions of WDP. The graph of the lusterless coating is -mooth
around the hemisphere with no outstanding peaks indicating a uniform reflectance.
The graph of the gloss coating has a peak at 45 degrees. This is expected
because 45 degrees is the gloss angle with this geometry, and a gloss coating
should exhibit a significant increase in reflectance at that angle.

The reformulated WDP was tested for water displacing ability and compared
to the results obtained using the previous formulation. Imnediately following
the application of WDP onto the specimen, the coating was uniform with no
indication of water remaining on the specimen. After the four-hour period, the
specimen exhibited no corrosion demonstrating the effectiveness of WDP as a
water displacing agent.

After completion of the eight months exposure period on the aircraft carrier
the specimens exhibited minimal substrate corrosion in and along the scribe and
no substrate corrosion in the unscribed area. Figure 2 illustrates these
results. The specimens exposed in the Netherlands for 15 months exhibited
minimal corrosion in and along the scribe and no corrosion in unscribed areas
(Figure 3). The specimens are displayed as removed from exposure conditions,
after cleaning with a mild detergent, and after removal of the WDP coating
with a chemical paint stripper.

FIELD EVALUATIONS

Appendix B contain several completed forms which are representative of the
returned evaluation questionnaires from the fleet.

In general, WDP was found to be effective, durable, and convenient to use.

CONCLUSIONS

I. A lusterless paint has been developed which will displace water from
a metal surface upon application.

2. The paint can be applied by aerosol or conventional air spray.

3. The water displacing paint has exhibited durability in naval aircraft
environments and has performed well in preliminary field evaluations.

6
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MIXING PROCEDURE FOR WATER DISPLACING PAINT

1. In the following order, mix ethyl acetate, mineral spirits, and trichloro-
trifluoroethane while stirring.

2. Add the silicone alkyd resin to the solvent mixture and stir until the
resin is completely dissolved.

3. Add the titanate coupling agent and stir for five minutes.

4. Place the solution in a ball mill with the titanium dioxide and zinc
molybdate and mill to a 6 to 7 Hegman grind.

5. Add Aerosil R-972 and mill for 30 minutes.

6. Add Alox 904 and mill for 30 minutes.

7. Finally add Syloid 74 and mill for 30 minutes.

A-3
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Naval Air Development Center
Aircraft and Crew Systems Technology Directorate

Warminster, Pennsylvania 18974

6062

EXPERIMENTAL WATER DISPLACING PAINT EVALUATION SHEET (.'DP)

Batch NO. L 1 - L)e

TYPE AIRCRAFT: -

AREAS TO WHRICH WDP WAS APPLIED: exl o-ei-- A e- g- c,rf4

.SU1RFACE PREPARATION PROCEDURES, IF ANY, PRIOR TO APPLICATION2! OF WDP:

EASE OF APPLICATIONS: S atifctory Unsatisfactory

If ursatisfactory, why?

GENERAL APPEARANCE: actory Unsatisfactory

If i, satisfactory, why?

IIEED FOR REAPPLICATION: No

If yes, why? ye€ 0 ,,).) ,'cJi{J, Gc/. oP e/hk t i."

EFFECTIVENESS OF WPD Excellent
AS A TOUCH-UP PAINT:

Fair Unsatisfactory

COMMENT ON EFFECTIVENESS:

CONDITIONS DURING EXPOSURE: ui Dry Tropical

Shipboard Land:

-WAS WDP REMOVED: Why:

COM4ENTS

* SignaturS!Y' X2=0 Title L~/Date / 9

B-3
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Naval Air Development Center
Aircraft and Crew Systems Technology Directorate

Warminster, Pennsylvania 18974
6062

EXPERIMENTAL WATER DISPLACING PAINT EVALUATION SHEET ('DP)

Batch No.

TYPE AIRCRAFT: ,4 "/-

AREAS TO WHICH MOP WAS APPLIED:

SURFACE PREPARATION PROCEDURES, IF ANY, PRIOR TO APPLICATION OF W7DP:

EASE OF APPLICATIONS: Unsatis factory

If unsatisfactory, why?

C-E;CRAL APPEARANCE: f Unsatisfactory

If unsatisfactory, ".hy?

NEED FOR REAPPLICATION: Yes

If yes, why?

EFFECTIVENESS OF WPD Excellent Gd
AS A TOUCH-UP PAINT:

Fair Unsatisfactory

CO,12NT ON EFFECTIVENESS:

CONDITIONS DURING EXPOSURE: Humid D :ropical

Shipboard B

W4AS WDP REMOVED: Why:

COI-24ENTS

Signature I /1 Title .PZ Date

ACTIVITY: :/,4 2,/' tg /3 B-4
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* Naval Air Deve]op~ent Center
Aircraft and Crew Systens Techbologj Directorate

Warmirster, Pennsylvania 18974

6062

EXPERIMENTAL WATER DISPLACING PAINT EVALUATION SHEET (NDP)

Batch No. 4 ( 17s~- Ail~
TYPE AIRCRAFT.

AREAS TO WHICH WDP ;AS APPLIED:

SURFACE PREPARATION PROCEDURES, IF ANY, PRIOR TO APPLICATION OF WDP:

VA A) D)~ seur-F S.474i
EASE OF APPLICATIONS: S t a Unsatisfactory

If unsatisfactory, why?

GENERAL APPEARANECr Satis factory . Unsatisfactory

If unsatisfactory, why? L'p 5/.f 3 AF c,7s ...o'--

IhEED FOR REAPPLICATION: Yes (3T h
If yes, why?

EFFECTIVENESS OF WPD ( Good -

AS A TOUCH-UP PAINT:

Fair Unsatisfactory

COMMENT ON EFFECTIVENESS:

CONDITIONS DURING EXPOSURE: Humid Tropical

Shipboard dLand sed

WAS WDP REMOVED: Why:
COMMENTS

Sinature Title e.22 e, , ,e,-,/Dat n e

ACTIVITY: C

B-5
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Naval Air Development Center
Aircraft and Crew Systems Technology Directorate

Warminster, Pennsylvania 18974

6062

EXPERIM1ENTAL WATER DISPLACING PAINT EVALUATION SHEET (WDP)

Batch No. -'

TYPE AIRCRAFT:

AREAS TO HqiICH WDP WAS APPLIED:

SURFACE PREPARATION PROCEDURES, IF ANY, PRIOR TO APPLICATION OF WDP:

EASE OF APPLICATIONS: (r~atisfactor Unsatisfactory

If unsatisfactory, why?

GENERAL APPEARANCE: ! jsactZr-% Unsatisfactory

If unsatisfactory, why?

NEED FOR REAPPLICATION: Yes 20 Y

If yes, why?

EFFECTIVENESS OF WPD: Exc 1mn Good

Fair Unsatisfactory

COViMNT ON EFFECTIVENESS:

CONDITIONS DURING EXPOSURE: Humid Dry Tropical-:

Land Based

ACTIVITY: "

Sienature Date 4- Date
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Naval Air Development Center
Aircraft and Crew Systems Technology Directorate

Warminster, Pennsylvania 18974 6062

EXPERIMENTAL WATER DISPLACING PAINT EVALUATION SHEET (WDP)

Batch No.

TYPE AIRCRAFT: , -

AREAS TO WHICH WDP WAS APPLIED: ¢9-?o )sv/,ft JrQ-oTiiC

SURFACE PREPARATION PROCEDURtS, IF ANY, PRIOR TO APPLICATION.OF VDP:

EASE OF APPLICATIONS: Satisfactory Unsatisfactory

If unsatisfactory, why?

GENERAL APPEARANCE< tisfco Unsatisfactory

If unsatisfactory, why?

NEED FOR REAPPLICATION: Yes

If yes, why?

EFFECTIVENESS OF WPD: Excellent Good

'Fair Unsatisfactory

COMMENT ON EFFECTIVENESS:

CONDITIONS DURING EXPOSURE: Humid Dry Tropical

Land Based

ACTIVITY:

Signature . . * Title A,-. Date//- /7-4
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